Density functional theory (DFT) calculations for geometry optimizations, electronic energy, solvation energy, and vibrational frequencies were performed using the (U)B3LYP hybrid exchange-correlation functional 1 with the D3 dispersion correction, 2 as implemented in the Jaguar software version 7.9. 3 Solvation effects were modeled using the Poisson-Boltzmann continuum (PBF) approximation 4 for acetonitrile (ε = 37.5, r = 2.18).
, 2a, and 2b, which were optimized with non-standard van der Waals' radii on anionic O atoms (2.0 or 2.2 Ǻ) and protic H atoms (0.75 Ǻ). These radii were chosen because they correctly predicted pK a 's for various neutral organic oxy-acids (e.g., phenol) and ∆G solv 's for their conjugate bases (e.g., phenoxide; vide infra). Finally, single-point energy calculations
with the aforementioned non-standard van der Waals' radii were performed. Vibrational frequencies were obtained with the same basis sets but without f-functions (LACV3P++ for Mn).
No optimized ground-state structure had any imaginary frequency. Most optimized transition state structures had one imaginary frequency; a few had an additional weak (between 30i and 0 cm -1 ) imaginary frequency arising from the rotation of loosely-bound solvent molecules. For example, the TS for dehydroxylation of 3a to 4a containing two TFEH molecules had two imaginary frequencies, one at 496i cm -1 associated with the reaction coordinate and another at 17i cm -1 arising from the rotation of a loosely associated TFEH molecule.
Thermodynamic parameters were calculated using the harmonic oscillator, ideal gas and rigid rotor approximations; 8 in computing vibrational entropies, all vibrations < 50 cm -1 not associated with the reaction coordinate of a transition state were replaced with 50 cm -1 to avoid spurious fluctuations in entropy arising from low frequency modes. Standard reduction potentials are reported versus the standard calomel electrode (SCE), taking its absolute potential to be -4.422 V. 9 Potentials vs SCE can be converted to values vs SHE by adding 0.24 V.
Calculation of pK a s for Neutral Organic Acids and ∆ ∆ ∆ ∆G solv s for their Conjugate Bases
Since proton transfer is an integral part of the catalytic cycles, computational methods were benchmarked against experimentally determined pK a values for neutral organic oxyacids, including TFE, and ∆G solv s of their anionic conjugate bases. For the calculation of pK a s, the free energy of H + at 1 M in MeCN (G = -264.6 kcal/mol) was taken to be its gas-phase value (G(H + , 1atm) = H -TS = 2.5 k B T -T * 26.04 = -6.3 kcal/mol) plus the empirical solvation energy in acetonitrile (∆G(1atm→1M,MeCN) = -260.2 + k B Tln(24.5)). 10 The default van der Waals' radii in Jaguar 7.9 gave rather unsatisfactory agreement with experimental results ( Figure S1 , Table S1 )--pK a s were underestimated by 12.5±0.9 units and ∆G solv s were overestimated (too exergonic). Increasing the van der Waals' radii on anionic oxygen atoms decreased ∆G solv s-a radius of 2.0 Å gave excellent agreement with experimental values for phenoxide, and satisfactory agreement for acetate ( Figure S2 , Table S2 ). Decreasing the van der Waals' radius on protic hydrogen atoms increased pK a s by increasing the exergonicity of solvation for the acid-a radius of 0.75 Å gave satisfactory to excellent values for phenol, acetic acid and TFE ( Figure S3 , Table S3 ).
Figure S1: Calculations using default van der Waals' radii in Jaguar 7.9 underestimate pK a s and overestimate the exergonicity of anion solvation in acetonitrile. Figure S3 : Decreasing the van der Waals' radius of the protic hydrogen increases calculated pK a . Calculations were performed in acetonitrile with standard van der Waals' radii on all other atoms. 
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